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(57) Abstract 

„ * molte " me,al P um P' n 8 u ™« is disclosed that comprises a 

"f? , 8 Ut ,CaSt ° ne input pon - a P um P cha -"ber. and 
t^lt Jl J"* '° a " ° UtpUt P 0 "- A ro,or is within 
the chamber and .s connected to a rotor shaft. The device further 
.ncluces a superstructure attached to and positioned above the pump 

th?™ T' °" su P e *'™« u «- » drive shaft connect to 
he motor and a couphng connecting the drive shaft to the rotor 
shaft The rotor extends beyond the input pon to deflect solid 

Ze£ f y fedUCing jl ' ms and P refera "ly is a dual-flow ,5? 
d rect.ng molten metal both into the chamber and out throutth the 
discharge. T1,e coupling is flexible and has two coupling member 
wth.a ftex.ble disc disposed therebetween. Anofce™ of?he 
mvennon , s a housing for a transfer pump that includes a^dilcha ge 

^"T* ^ ? d 3 bunon ada P ror « te "°ing from he 
S In r * b T" ' S d,mensione ° so >ha« it can connect to a 
metal transfer condu.t w.thout the use of cement thereby reducing 
maintenance costs and downtime. Further, the venicai I memto 
such as the support posts, metal transfer conduit and rotor Tl5 
may be sect.ona so that anti^orrosive materials may be used for 
the sections posmoned in the most coirosive areas of the molten 
metal furnace. Additionally, a stationary component of the device 
may be configured to retain a thermocouple 
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Molten Metal Pumping Device 



Field of the Invention : 

The present invention relates to devices for pumping molten metal. More particularly, the 
5 invention relates to a more efficient molten metal pump that includes low-maintenance, ea>y-to-replace 
components. 

Background of the Invention : 

Devices for pumping molten metal (referred to herein as molten metal pumps or pumping 
10 devices), particularly molten aluminum, and various components that can be used with these devices 

are generally disclosed in U.S. Patent No. 2.948.524 to 

Sweeney el al. and U.S. Patent No. 5.203.681 to Cooper entitled ' Submersible Molten Metal Pump." 
the disclosures of which are incorporated herein by reference. 

A problem inherent in prior' art devices is costly, time-consuming maintenance. Molten metal 

1 5 pumping devices operate in an extremely hostile environment, usually a molten aluminum bath. The 

molten aluminum is maintained at a temperature of I200-I500°F and contains contaminants, such as 
magnesium, iron, dross and pieces of brick. Additionally, chlorine gas. which is highly corrosive, is 
usually released in the molten aluminum to react with and remove the magnesium. As a result of the 
high temperatures and chemical composition of the metallic bath, the bath is extremely caustic and 

20 gradually oxidizes the pumping device s components. 

Another problem with molten metal pumps is related to the pressure generated by pumping the 
metal and the presence of solid particles within the molten metal bath. Molten metal pumps include a 
motor, a rotor shaft, a rotor tor impeller) and a pump base. The pump base has a chamber formed 
therein, an input port(s) (also called an inletfs)) and a discharge that leads to an output port (also called 

2 5 an outlet). The input port and discharge are in communication with the chamber. The motor is 

connected to the rotor shaft and dnves. or spins, the rotor shaft, connected to the rotor, which is located 
within the pump chamber. The molten metal enters the chamber through (he input port(s) and the 
spinning rotor forces ( i.e., pumps) the molten metal through the discharge and out of the port. 

The pressure generated by pumping the molten metal can cause the rotor shaft to move 

3 0 eccentrically (i.e. to wobble). Further, if solid panicles such as slag or brick enter the pump chamber 

and strike the rotor, the rotor shaft is jarred. Eccentric movements and sudden changes in speed caused 
by jarring can damage the rotor shaft or the coupling that joins the rotor shaft to the motor drive shaft. 
In order to prevent the rotor shaft from breaking, and to prevent damage to the coupling, the coupling 
should be flexible to allow for movement. 
3 5 Further, when dross, pieces of brick or other solid panicles enter the pump chamber they may 

wedge between the rotor and the upper wall of the pump chamber, which may cause the rotor to jam 
and the rotor shaft to break. One solution to this problem is described in U.S. Patent No. 5.203.68 1 to 
Cooper entitled "Submersible Molten Metal Pump." This patent discloses a pump having a non-volute 
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pump M. ,o „,„« for a. paSMge „ „,,,„, Even if to top, , s ^ w , f ^ 

-nay tew «„ „ upper wa|| of , he pump chJmber or ^ - < 

jamming the rotor. 

Further, mo.ten metal pumps come in several versions, one of which b referred to as a transfer 
pump. A transfer pump normally has a discharge formed in the top of the pump hous.ne A metal 
trans.er condu.t. or riser, extends from the discharge and ou, of the metallic bath where n ' n Kncrallv ' 
supported by a metal support structure known as a superstructure and is connected to a 90* elbow The 
•ransrer pump pumps mo.ten meta. through the discharge and through the metal -transfer conduit and 
e bow where i, exits into another metallic bath chamber (i.e.. the moiten meta. is transferred to another 
chamber, Until now. the meta. transfer conduit ha, been cemented ,o the discharge open.ne and to the 
steel superstructure. A.though cementing the conduit general.y works we... i, b exrreme.v'difficu,, to 
rep ace a metal-transfer condu.t so connected because: .) the pump must be removed from the meta.lic 
bath and coo.ed. 2) the cement must be chi.se.ed away. 3) the new condu.t must be as.semb.ed and 
cemented to the d.schargc. 4) the condu.t must be cemented to the stee. support.ne structure, and <) the 
new cement must be cu rc d to remove moisture, a process that, by itself, norma.lv takes approx.mate.v 
twenty rour hours. The entire replacement operation can take up to two days. 

Summary of the Invrnfinn - 

The present invention solves these and other problems by providing a mo.ten meta. pump.ng 
dev.ee compnsmg a mo.ten metal pump including a rotor sized to fit w,,hin the pump chamber and to 
exte nd beyond the pump mput ^ As ^ ^ ^ ^ ^ ^ ^ 

delta, many solid particles rather than allowing them to enter the pump chamber. This reduces the 
kehhood of jams occurring. Optionally, the rotor can be a dual-llow dev.ee. One embodiment of a 
dual-now rotor of the present invention has substantially verticaHy-onented vanets, that have a too 
port.on ang.ed towards the honzontal axis. As the rotor sp.ns. the ang.ed top port,on(s, direct the 
molten meta. down into the pump chamber and the venically-onented portion,*, direci thc molten ^ 
outward agamst the wall of the pump chamber, where the metal is eventually directed ou, of the 
discharge. 



The pumpmg device of the present invention also includes a novel coupling for connecting the 
rotor shaft to the motor drive shaft wherein the coupling compnses a firs, coupling member and a 
second coupling member with a flexible disk disposed therebetween. The first coupling membe. 
connects co the motor drive shaft and the second coupling member connects to the rotor shaft If the 
mtor shaft moves eccentrically or is jarred, the flexible disk absorbs the movement, whether it be side- 
to-s.de or up-and-down, or a combination of both, in a full 360' range, thus pontine the rotor shaft 
from brealang and preventing damage to the coupling or to the motor shaft. Furthermore, the coupling s 
performance relies solely on the flexibility of the disk; i, does not require lubricants to maintain its 
fiextbthry. Addiuonal.y. the coupling is not connected to either the motor drive shaft or rotor dnve shaft 
by a threaded connection. It drives the rotor shaft by transferring force through coupling surfaces that 
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ma«e with surfaces of the rotor shaft, which is described in greater detail here.n 

The present invention a.so includes a pumping dev.ee composing a transfer pump havine a 
metal-transfer conduit that is not cemented or similarly affixed to the pump base or ,„ e steel 
superstructure. Preferably, the metal-transfer conduit has a fir*, end configured to either rest on a button 
attached to the pump output port or to fit into an angled bore.formed in the dischar« The metal 
transfer condun a.so has a second end opposite the firs, end that ,s supported bv a two'-piece coupl.n* 
that engages ,he conduit without the use of cement or other sealant. With the noncemented s.nacturc 
of the present .nvention. i, takes only a few hours to replace the metal-transfer conduit 

Funher. any vertical member, such as the meta.-transfer conduit, support posts or shaft of , he 
present .nvention can be provided as a plurality of connectab.e sections so that the sect.on in contact 
w,th the extremely corrosive surface of the metallic bath may be individually replaced or be formed of 
highly conos.on-resistant material, such as ceramic; whereas the rest of the conduit mav be formed of 
less expense material, such as graphite. This structure also allows for the replacement of an ind.vidual 
worn sect.on of a vertical member, instead of having to replace the enure member. 

I, is therefore an object of the present invention to prov.de a pumping dev.ee that .ncreases 
pumping efficiency. 

I, .s a funher object of the present invention is ,o provdc a dev.ee .hat includes a dual-flow 



rotor. 



It is a funher object of the present invention to reduce jamming that occurs in molten metal 
<- 0 pumping devices. 

I. is a funher object of the present invention to provide a pumping device that reduces 
maintenance downtime. 

It is a funher object of the present invent.on to prov.de a pump.ng device includinu a rotor shaft 
coupl.ng that allows for eccentric movement and that docs not requ.re lubrication. 

It is a funher object of the present invent.on to provide a pumping device includin* a rotor shaft 
coupling that has no threads. 

. • I, is a funher object of the present invention to provide a transfer pump including a metal- 
transfer conduit that is not cemented to the pump base. 

It is a funher object of the .nvention to provide a transfer pump as defined above where.n the 
metal-transfer conduit is supponcd by a pump superstructure without the use of cement. 

It is a funher object of the present .nvention to provide sectional vcnical members including 
a sect.onal rotor drive shaft, sectional suppon posts and a sectional metal-transfer conduit wherein the 
sections can be connected with or without the use of cement or other sealants. 

It is a funher object of the present invention to provide a furnace thermocouple integral with 
35 the pump. 

These and other objects will become apparent to those skilled in the an upon reading the 
following description and appended claims. 
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Brief Description of t he Drawing - 

Figure . is a front, panial-scctiona. view of a molten metal pump in accordance w„h Ihc 
mvenuon having a pump discharge formed in the side of the pump housing 

FigUrC ' 3 is a " cn,a ^ front view of the pump chamber shown in Fi e . , havin* a 

90 elbow attached to the output port and a transfer conduit attached to the elbow 

Figure 2 is a front perspective view of a pump in accordance with the present invention hav,„o 
a dtscnarge and output pon formed in the top surface of the pump housing and a transfer conduit havi„I 
one end attached to the output pon and one end secured to the superstructure. 

Figure 3 is an enlarged perspective view of a Camp used to secure the metal -transfer condua 
to the pump superstructure without the use of cement. 

Figure 4 is an exploded view of the clamp shown in Fig. 3. 

Figure 5 is an exploded, partia. cross-sectional view of an alternative Camp that can be used 
to secure the metal-transfer conduit without the use of cement. 

Figure 6 is a perspecve view of a rotor m accordance with the present mvenuon 

chamber^" ? " " ^ Cr ° SS " SeCli ° nal Sh ° W, " ? ' he ™ r of « P°—ed in a pump 

Figure 8 is a perspective view of a dual-flow rotor in accordance with the invention 
F.gures 9a-9d are perspective v.ews of alternative dual-flow rotors in accordance with the 



invention 



3 0 invention 



Figure .0 is a perspective v.ew of a shaft coupling in accordance with the present invention 
F.gure 10a ,s an exploded, perspective view of the coupling shown in Fig. 4. 
Figure 1 1 is a partial, rear perspective view of a transfer pump base having a button attached 
to the pump outlet port. 

Figure 12 is a front cross-sectional v.ew of an alternate transfer pump base including a matin- 
metal-transfer conduit in accordance with the invention. 

Figure 13 shows a sectional metal-transfer conduit in accordance with the mvemion 

Figure 13a shows an alternative sectional metal-transfer conduit in accordance with the 
invention. 

Figure .4 shows a furnace thermocoup.e mounted in a suppon post in accordance with the 

n 



Figure .5 shows a pump base having a stepped surface that makes a substantially-^, 
connection with a riser tube having a stepped end. 

* 

Detailed Description nf fl Preferred Fmh^im... 

Referring now to the figures, where the purpose is for describing a preferred embodiment of 
the mvenuon and not for limiting same. Fig. . shows a pumping device .0 submerged in a metal.ic bath 
B. Device 1 0 has a superstructure 20 and a base 50. Superstructure 20 is positioned outside of bath B 
when dev.ee .0 is operating and generally comprises a mounting plate 24 that supports a motor mount 
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26. A motor 28 is mounted to mount 26. Motor 28 is preferably clectnc or pneumatic a.thouch a, used 
here.n. the term motor refers to any device capable of driving a rotor 70. 

Superstructure 20 is connected to base 50 by one or more suppon posts 30. P reI ^ blv posl , 
30 extend through openings (not shown, ,n plate 24 and are secured by post clamps 3^ which are 
preferably bolted to the top surface (preferred) or lower surface of plate 24. 

A motor drive shaft 36 extends from motor 28. A coup.ing 38 has a fin, coupling member 1 00 
attached to dn ve shaft 36. and a second coup.ing member 1 80. attached to a rotor shaft 40 Motor drive 
shaft 36 drives coupling 38 which, in turn, dnves rotor shaft 40. Preferably ncther coupling 38 nor 
shaft 40 have any connecting threads. 

Base 50 ,s preferably formed from graphite or other suitable material. Base >0 includes a top 
surface 54 and an input port 56. preferably formed in top surface 54. A pump chamber 58. which ,s ,n 
commun.cat.on with port 56. ,s a cavity formed within housing 50. A discharee 60. shown in Fig la 
« pre.erably formed tangemialiy with, and is in fluid communication with, pump chamber 58 
Dtscharge 60 .eads to an output port 62. shown in Fig. la as being formed in a side surface or housing 
50. A .ear nng or bearing ring 64 is preferably made of ceramic and is cemented to the lower e dee of 
chamber >8. Optionally, device 1 0 may incorporate a me.a.-transfer conduit, or n.ser. 300 connected 
to output port 62. Conduit 300 ,s preferably used in eonjunct.on with an elbow 508 to transfer the 
pumped molten metal into another molten metal bath. 

The rotors of the present invention may be used with any type of molten metal pump- thev arc 
no, I.m.ted to use in transfer pumps. As shown ,n Fig I . rotor 70 is attached to and driven by shaft 40 
Rotor 70 is preferably placed centrally within chamber 58. Referring to Fi 2 s. 6-7. rotor 70 is preferably 
tnangular (or triloba!) having three vertically- oriented vanes 72. and is .mperforatc. bein 5 formed of 
sohd graphite. Rotor 70 may. however, have a perforate structure, such as unpe.lcrs referred to in the 
art as b.rd cage impellers, have any number of vanes, and be of any shape, and formed- of any material 
so long as .t extends beyond input port 56 of base 50 when device 10 is in operation. As it w,|| be 
understood, should input port 56 be formed in a surface other than top surface 54 of base 50 rotor 70 
would still extend beyond input port 56. so that i, can deflect solid panicles and prevent them from 
entering the input port. 

Rotor 70 further includes a connective portion 74. which is preferably a threaded bore, but can 
be any structure capable of drivingly engaging rotor shaft 40. Angled shoulders 76 are formed as pan 
of vanes 72. A flow blocking plate 78 is preferably formed of ceramic and is cemented to the base of 
rotor 70. Plate 78 rides against bearing ring 64 and blocks molten metal from entering or exiting 
through the bottom of chamber 58. (Alternatively, plate 78 could be replaced by a pluraiity of 
mdmdual bearing points, or the bearing ring could be eliminated, in which case there would be 
openings between the tips and wear ring 64 that would function as a second input port.) 

Preferred dual-flow rotor 80 is shown in fig. 8. Rotor 80 has the same overall design as 
previously-described rotor 70 except that vanes 82 each include a vertically-oriented portion 84 and a 
ponton 85 at the top 86 of at least one vane 82 that is angled towards the horizontal axis H. The 
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positioned i. . sraodard pump ^ „ inp „, pod ln . ^ ^ inv 0 T * 

» y ro ,o, ,„ i „ g one or more where ,„ „ tet one -7- 

meal in<0 me p „mp chamber and « teas. on. vane mclndes a no™ .„ . 

- *e p UmP „ roush lhe pump dlsch ;r iufc porao - - * — — - 

-pr;:r::dr;~^ 

hr ape„ ures ,„ S , preferjbly tBree , radh||y ^ ^ |K »- 

« m,e S ral, fonTO d m „, collar , 0: md ,„ £luto ape _ n: whi£h w ^ - s 

3 may oc usea. uisk I :>0 has radiallv spaced uDcnures 1 V 

ir; 154 aboui - ^ 1 * - a ** — ■» ^ ' 

^Cd^n,^,,^^^^ Member,*,,, 
« ^ o, meu, suc „ as sree, or aiom.nam ^ orher mareria.s mav * 

r;c rr t? incl ° dcs a connec,ive pom ° n ,s: a " - *- — 

re,crab, „*,„„,, Unre. radiaUyspaccd. rhmaded .ores (nor shown, and , hree 
dm, as ,„o, shown, 0 „ . uppcr surtace ls , ^ ^ a „ d ^ ^ - ^ 

^^zr ,,2-,tthfc ^~ fc ----'----**-- 

Driveponion ,84 , K ,„dc a socte , 86 . which preferabl , te TO0 
,n=, shown, ^ , 0 te racivcd ,„ md drivM sockc _ M - 

* - shah * When roso, sha fl do ,s <„ ^ 1S6 . , 

o. P,n and c p 'hot shown, „ paL ,se d ^ 0 „ e ^ „, ^ J 

- - of ,he second appose , 92 . „ . bolt u used , . „„, ( „ M shown) „ ^ « « 

1 It a" 7" e " '° ,eniCa " y "'^ 40 ^ — » " P-P 

rrntdtrrrr" 0 '" 5 " 10 ^^^ 40 — -««..p* 

When assembled fe, couplmg member ,00 b placed on disk 1 50 and aligrKd so rhar apcnurea 
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eonesponding ap^s ,52 and a „„, ,no, shown, , s appbed ,„ toJTl ? 
disk ,50 agains, flrs, coupling member 100 . 

Disk 1 50 is then placed on surface 183 so .ha, d>c mm on bolts 1 94 arc received within ih , , 
Long bolts ,96 are ,hc„ passed rbroogh d,e remaining rhrec aperture, , , n ,2 h ' 
ate toadingly recced in »e rhreaded boms ,„ sorface ,33 ,oL,c £ 
so rhat rhey form a single coupling 38. 1 1 50 

As shown i„ Figs. I. la. 2. I , and 12. pumping device ,0 mav be a ,™ s f„ Dum „ 
« > -» erdrer rncodo rranster pump base 50. or base 50- or base ^ZZIZ 
conf, s u„„„„ s could be used. As previously described, and xs shown ,„ Fi.. , bnee50.net 

.as used be,,„. ,he ,cn» discharge refers ,o ,he passageway lending from rhc pump cban,bc, 
ourpu, pon. and ,be ourpu, po„ in ,be ocruu, opening ,„ fc „ lerior surflcc ^ ^» *< 
cxrensron p.eee , , „ atuched „ pm „ _ ^ ^ ^ P P • An 

drree, rbe How of ,hu pumped mo„e„ men, upward. A men,.,™,,, condui, 500 is conned 

am.ngen.en, ,» generally described in U.S. Parem No. 5.203.68 1 ,„ Coop.,, 

AS Shown i„ Figs. 2 and II. a base 50' ma, include o bu„„„ 200 to is p referab „ auached „ 
or ,„,.gra% formed wi,H. base 50t As shown, bunon 200 nan a cy„„drica, base 202 and n ,a^' 
pomon 204. A preferably cylindrical passage 20b .sdeOned w,,bi„ bo„„„ 200. Cylindrica, base " 
ban ho,,om edge 208 to «. on. and in pre f erab,y cnenmd ,„. upper sorface 5a. when ,, pretew 
surrounds ourpu, pon 62 so to oo.por p„„ 62 lnd w , 06 amnm6cm ^ ^ 

A mcaMronsfc, condui, or r.scr. 300' is used in conjunct w,, h base ». Condui, 300' is 

-04 of u ,„„ .00 o cream a snbaanrially , 1?h , „„„„,,„„ ^ ^ „ of ^ or 
As used bore,, rne ,eno subtly ,,gb, c»„e=,,on moans to when mo„o„ men, in pomped 
tough onto port 62- and rbtougb bo„on 200 ,n,„ mo,n,.,rans,e r condui, 300'. drore ma, be 1 
a mrmrna, amoun, of .oakag.: ,A„en,a,„«, y . ,be connecion berween rhe bunon and rbe risen may be 
snapped as .Nusnced .„ Fig. , 5 . and oto S ubs,an.i.,,y ,, gh , co „ nec , ions mjv ^ „ ^ ' * 

may be of an, size and .tope as ,ong as i, allows for . s„bs,an,ia„y ,ig„, connecion bewcen ,, J 

skulled ,„ rh. arc. can bo u«d ,„ h „ p sea , b„ wtt „ ^ bu „ on a „ d ^ 

In anomer aspeo, of ,h« muemion generally shown in Fig. 1 2. a base 50" is shown which has 
he same configumuon as base 50' oncep, for ootpo, p0 „ 6r . which 
d«d ,o moe,,e end 302" of condui, 300" ,o form a subdual,, ,, sh , ^ 
- the ,„,en„on is ,h„s sarisOed when ft. momMnansfo, condui, forms a subsdm,ia„y tith , 
nnnsfe, connecion wid, d« ou,o, pon witoo, to us. of c.m.n, or oto soalan, aLugb as 
mentioned pre,iously. a high.»mpera,ure gasker may be used. 
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As shown in Fig. 2 conduit 300 has a second end 304 thai is suonorteH h 

S 352 has an upP e, flanse 35 , . semi . cy|indnc3 , 

-peeve,, on etrher s , de ofsecIion 35 , „ ^ ^ £ ™ *- 

Second p„„,o„ 354 ,„c lud e s an o pp er flange 364. a crvc d . sdnri-cviindncn, socrion 1 h 

J '-, S co ra «,e dt o u ppcrflanse364.p,efe ra blvbvw«ld,„. ■"».«. plan. 

10 A mounting boon 374 te a venica, nanfc 376 . . ^ 

« , ,n h d n M n,a, „ a „g e 378 „„ rt ,„ w ,„ ,„ - 

aee , ,4 to ^ 30. The moonting brace 3,4 cootd „ be „ eldcd „ „ „ an m , * S 
of superstructure, 20. »'^grui part 

- 5 Once hr a ce 374 i, secured ,o SU pe relractll „ :o . ^ 334 is ieemed 

ahgned epenures s0 as ,„ ^ ^ 35J „ _ ,„ ^ > 

e n.ee.ed ,„ s eco„ d P o„.o„ 3 S 4 by pro,i ng „ a „ gcs m and 368 . and ^ J62 ^ ^ 
20 The apenures ,„ fc „ pa ,„ „ „ angM _ ^ S= 

e nnee, P on,on .333 to p-Uc- 354 when „„, poni0 „ 332 and «c ond ponio „ 354 „ J 

d 304 „ prc ^ fi , „ ctlons M md 358 anj . ihus 

ZlTo-' 7T° l Adap, °' w * also prefemd ehmpi "' ■— « — — T 

».„ area « d . The combination of iidaptor 350 to provide for se a lant-,ree connection nt die end 
- of the metn, we, condwt. sapp „ TO d bv ,b. s „p,„ lna e, ure aM scalan ,. free ^ 

«,P, po n „. «- and fira e„ d 30, on 30r. resp e e „ve,, ^ for Slmpte . quick * 

.pUement „, co„ d oi, 300' on 300". A da p,o, 350 may i„c, ad e a pro.na.on or Section on ome, 
s-nacune ,h a . mate, win, a comspondl „ s „„„„„ „„ fc ^ ^ ^ ^ « 

rcpbc, to dte P nmp base a„ d for !u p, TOre an cmbodin)em „ , c|M , p „ * 
3 0 invention is shown in Fig. 5. 

seaton, iT^T^ " * 0W " " ^ C ° mpri " S - 

*c ron 352 w,„ be .escnbe. in de a i,. Sectton 352' haa onter flanges 354 and 356'. wherein each o 
said flanees nretpmhix, • ._ _. UI 



35 



vultl jj^ ana J36\ wherein each of 

ad flanges pndernbfy inelndes , single circofa, apennre 36C. S re ,ion 352' is fOTroe d so as to cmatn 
•wo generafly „a, angicd Camping Sd rfa c« 358'. Also shown in Fig. 5 is an e,.ow connector p,ar. 3 V 
and a mounting plate 380\ 



^ Adaptor 350' is uUUred by p.acing a generally eylindrica. riser tube between sections 35- and 
354. ahgntng flanges 354'. 364" and 356". 366' and pairs of apertures 360'. 370'. Bolts or other 
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.ogciher. Clamping su „ accs 358 - and mxa m • • >- • --54 

hold .n pface. This _ „ preferTCd over . ^ « - * - 

surface nood „ mate w,th *. clamp ,„ s surfac , ^ " - «- " ootec 
in lornimj the riser lube. enpensei may be user) 

Camp 350- Having two damping sccll0 „, Mch of „. hic „ $ 

r~ - prcfenred : sim,ia ' «- — « , han ,,„ «„io, : : 

■f he re !p ec,„e sections nave al leas, one. o, more than ,wo. „ al surfaccs . ^ , , ^ " 
a. leas, one clamping sccdoo have at ta 1>v0 subslan ,, ally fla , ^ ^ e ££* 
allude a pro^im, or p roj ee,io„ ,o « th. „« r ^ „ spec , „ „ pump ^ ^ 

Conduna 300. 30O' and 300" arc shown as monoid pieces . A „ ema , |vclv sh<> 
^ ta ,™«« 1 ^«^ M „ w T limine to Fin ,3 „ 

300 „ fonoed of thm, .sections, a submersible, or lower section. 503. a center sccthm * and : 

may * ~~d with orwithou, , hc use o,«„„ to ^ 1L Add „,^ ny 8 * 
assembled by means of ihreaded connections. Y 

Thovaluc of providing *cdooa, conduit 500 i s ,„t» ,„c marcha, of which ihc various section, 
are tormod ma, ho soldered ,o match .he conditions to which the, wi„ be „p OS cd. The con 
.» ,, a molten meta, furnace v^ s « ally from wilhi „ fc ^ ba , h „ ' ~ 
ha,h. ,o *c atmosphere above me bath. When ,he pt^er matnda, is used foeeach ^J^Z 

° "*"» — *> - .3 before desimbic ,„ mahn seed Z 

which ,n this cmbodimon, w„, most of.cn he caposcd ,. ,he surface, of highiv chemicadv ' lZ 

rT C ~~ ' S — ^ - «P- ■ however, and ^ „ 

Al,cnu„i»,l,. each section 502. 504. 506 may be foamed of gmphire. Socdon 504 which b 

~ ; cau * surfacc of ,he moi,cn — ba,h - — - - ^ =---1 

IT ab ° VC ^ " " *• «hd,- condui, 500 

Th, mducc ma..„a, w MIe a„ d C0SIS . Funh „. . „ plajned ^ fcy ; * 

h fengih of dhe mbo can ho .need, aooo^iog „ d, e heigh, of ,ho pump. s i mp , y ta 
sohrmcdbg a seedon of t ohe. This redoona M d sim pli fi« m«„,o^. ,„ somma, h y pro ,,ZgT 
second, oondoi, 500. mo opemdona, life of ,ho cemdoi. is oxwodad a, a minimi 

Fig. 1 3a shows anodKr embodimon, of d« i„„„don whemio seedons 5033 504' ami 508' am 
connecied by ihreaded connecdoos. ire 
Addid„„a,,y. dae presen, pump device can he module,, meaning ,ha, m e vertcal 
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specifically me S up p0 „ pes,, 30 and 

p.raU.y of sections. ra.be, man as si„ s ,c monoiimic *££J££*~ * ' 

■ tocnbcd above wid, resp « . com*,* 300 . Md J ,„ e >fc Qf " ° ' " ^ 35 

sorfaee of bad, B and S e,«e,i„ 8 lcss „pe„ 5 ,vc graphiM for Ihe 01h „ " * " f " «""« 

scdoos. « be rc p ,accd w„ hou , hlvi „, , 0 repb „ ^ — *> 

come ,„ differ™ s i2es «, in ^ heigte . c _. , ^££7" — 

for _ P om P heigh, offered . „ m ^,„ g ^ venjca| d «■ b. MM 

.o ft. ft. h., !h , o, o P „m P . . TO „„„ can ei , to be ^ „ remo 

compere™. Mltmsh „ „ prefemd to , ^ ob, J„f , 1 

respec, ,o ,b, s n „ pcc , wou , d ^ ^ _ ; ^ ^ « - 2 

componems man diem are pomp beighu. * 

Finally, as sbown i„ Fig . , 4 . , he 
■bermoooopic 600 moomed w. mi „ a soppon pos , 30. Tbermocoop,. «tlZT J^T ' 
-u, means 60:. a con, », and a cnnnec.or 60p . ,„ te cmbod , me „, £ ~~ 

a.,a, bore 6,0 ,ba, receive, means 60: and cord 604. One advance of JT ™ 

»--«-»^n,o f ,.zc:z~:t 

a ionger inc. Anorher advance , ^ lhe „ ITT^ 

- » Pushed .boo, by ,be correms wi.bin , hc te , ^ fc £ * 

— » .. ,s a,»o con.em pla ,cd ,ba, ,bc .bcrmocoopie couid be nodded or formed wtnlb Z 
base or anorner sudonary p um P componem. ' P,,m! ' 

A pmferrcd ombodimen, l,av,ng now been described, i, win be undcrsrood ,ha, ,hn 

• « - ,im„od. bo. is ,„ sl cod sc. fond in ,be ^ Cairns nod ,e,, e^ W 



B^OOCtO: <WO 982503tA2_l. 



WO 98/25031 



II 



PCT/US97/::440 



What h Claims [g; 

I • A device for pumping molten metal comprising: 

a) a superstructure; 

b) a motor on said superstructure, said motor connected «o a drive shaft- 

O a pump base having an input port, a chamber formed .herein, and a discharge leadin, 
to an output port; " 5 

d) a support post connected to said base and to said superstructure- 

e> a rotor within said chamber, said rotor extending beyond said input port- 

n a rotor shaft connected to said rotor; 

g) a coupling for connecting said rotor shaft to said dm* shaft, said couplin S comprising 
. r-rst coupling member and, second coupling member and a Hexib.c dJk p„si«,oned 
between said members: 

h» a metal-transfer conduit form.ng a substantially tight connection »,th sa.d output pon 

without the use cement or other sealant: and 
• ) a thermocouple contained within said support post. 

A rotor for use in a molten meta. pump chamber, said rotor having one or more vanes where.n 
at least one of said vane(s) has a generally vertical portion and an angled portion above sa.d 
generally vertical portion, said angled port.on for directing molten metal into sa.d pump 
chamber and said vertical portion for directing molten meta. out of satd chamber. 

A transfer pump including a pump base, said base having an input pon. a chamber, a discharge 
leadmg to an output port and a button extending from sa.d output port. sa.d button for 
connecttng to a metal-transfer conduit to facilitate a substantially tigh, connection therebetween. 

A transfer pump as defined in Cairn 3 where.n said button i s integrally formed with said pump 

A transfer pump as defined in claim 3 wherein said button is attached to said pump base. 

A transfer pump as defined in Cairn 3 that further include, a metal-transfer conduit formin* a 
substantially tight connection with said button. 

A transfer pump as defined in claim 6 wherein said metal-transfer conduit is dimensioned to 
connect said button and is connected to said button without the use of cement or other sealant 

A transfer pump comprising a pump base, said base having an input port, a chamber a 
dtscharge leading to an output port and a metal-transfer conduit forming a substantially tight 
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9. 



10. 



II. 



12. 



15 



14. 



15. 



16. 



18. 



19. 



20. 



connection with said output pon without the use of cement or other sealam. 

A transfer pump as defined in c.aim 8 where.n said output pon and said discharge form an 
angled open.ng for receiving an end of said metal-transfer conduit. 

A device for pumping molten metal, said device comprising a motor and a pump base having 
an ,npu, pon. a chamber and a discharge leading to an output pon. sa.d device funh 
compns.ng a rotor within said pump chamber, said rotor extending beyond said ,n P u, pon. 

A device as defined in claim 10 wherein said rotor is imperforate. 

A device as defined in cla.m 1 I wherein said rotor is tnlobal. 

A device as defined ,n claim I I wherein said rotor is quadralobal. 

A device as defined in claim. 1 , wherein sa,d device funhcr-compriscs a chamber wall and said ' 
rotor meludes one or more vanes wherein at least one of said vanes includes a ponion that 
Erects molten metal into said chamber and a, least one of said vanes includes a pon.on tha, 
directs molten metal outward against the wall of said chamber. 

A metal-transfer condu.t comprised of a plurality of interconnected sections. 

A support post for a molten metal pump comprised of a plurality of interconnected 



sections. 



"7. A rotor drive shaft for a molten metal pump compnsed of a p, ura |ity of 
interconnected sections. 



A metal-transfer conduit as defined in c.aim .5 wherein said sections are interconnected 
without the use of cement or other sealant. 

A metal-transfer conduit as defined in claim 1 5 wherein one of said secttons is comprised of 
ceramic and the other sections arc comprised of graphite. 

A method for removing a metal-transfer conduit from a molten metal pumping device, said 
method comprising the steps of: 

a- providing a molten metal bath: 

b- providing a molten metal pumping device positioned in the molten metal bath. 
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c; 
d) 

e) 



21. 



20 



n 



30 
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said device including: 

a pump base having a pump chamber, an mpu, pen and a discharce 
leading io an output pon; 
«■ one or more support posts extending from said base- 
iii- a superstructure attached to and supported by one or more 0 f said 
suppon posts: 

iv. an adaptor attached to said superstructure: 

v. a mctal-transfer conduit hav.ng a first end that forms a substantial 
i.ght connection with said output pon without the use of cement or 
other sealant and a second end retained by said adaptor wi.hou, the 
use of cement or other sealant; 

removing sa.d device from the molten metal bath: 

ioosen.ng said adaptor and removing sa ,d second end without removi„ e any 
sealant: and " 7 

disconnecting said first end of said metal transfer conduit from said output 
port without removing any sealant. 

A coupling for use in a molten metal pumping dev.ee. said coupling connecting a motor 
shaft to a rotor shaft. sa,d coupling comprising: 

a> a first coupling member connected to said motor drive shaft- 

h. a second coupling member connected to said rotor shaft: said second coupling 

member spaced from said first coupling member: and 
O a flexible disk disposed between said first coupling member and said second 
couphng member, said disc connected to said firs, coupling member. 

A device for pumping molten metal comprising: 

a) a motor connected to a motor drive shaft; 

b) a couphng having a first coupling member connected to sa,d drive shaft and 
a second coupling member spaced from said first coupling member, said 
second coupling member including a socket having two opposin* fiat surfaces 
and two opposing annular surfaces, said coupling further comprismg a fiexib.e 
d,sk disposed between said first coupling member and said second coupling 
member, said disk connected to said firs, coupling member and connected to 
said second coupling member; 

O a rotor shaft having a first end received in said socket, said first end being 
configured so that it drivingly engages said socket, said rotor shaft having . 
second end; 

d) a pump base including a pump chamber, an input port and a discharge leading 
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to an output port: and 

e) a rotor connected to said second end of said rotor shaft, said rotor portioned 
within said pump chamber. 

23. A support post for use in a molten metal pumping device, said post including a cav„ v for 
rcteni.on of a thermocouple. - " y l0r 



6. 



7. 



A method of forming a driving connection between a coupling and rotor shaft used in a molten 
metal pumping dev.ee. said method composing the steps of. 

u- providing a molten metal pumping device, said dcv.ee indudine a rotor and 
a rotor shaft; 

b- providing a coupling, said coupling havtng a first coupiin 2 member a second 
couplmg member and a flexible disk disposed therebetween. said second 
couphng member including a socket having two flat surfaces and two radial 
surfaces; 

c providing a rotor shaft having an end formed to be tcceived ,n said socket and 

substantially driven by said fiat surfaces; 
d- connecting the first coupling member to the motor shaft: and 

inserting said end of said rotor shaft into said socket. 

An adaptor for mounting a riser tube, sa.d adaptor being formed of a pluralitv of connectab.e 
secnons. at leas, one of said sections including a substantially tla, clamping surface. 

A mohen metal pumping device including a base and a thermocouple, said thermocouple being 
affixed to said base. h 



A dev.ee ,, defined in claim 27 wherein said thermocouple is retained withm said base. 

A device for pumping molten metal, said device comprising a motor and a pump base 
havmg an input port, a chamber having a chamber wall, and a discharge .eading to an 
output port, said device further comprising a rotor within said pump chamber, said 
rotor , ncluding one or more yanes wherejn ^ |cast Qf sa . d ^ ^ ^ 

pomon that directs molten metal outward against the wall of said chamber and at 
least one of said vanes includes a portton that directs molten metal into said chamber 
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,0 a co U p, ing membcr havins . iock „ lvi ,„ „ ^ 
*U .--faces, said second end „ a v,„ g ,„„ „ a , surfac ,, ^ 
racved ,„ said soc t ., and said ro ,or shaft , s ^ ari>cn „ y , ht 
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A molten metal pumping device is disclosed that 

IZ^Mr" biSe (50) - 0ne ^ P°» («). a pump 
chamber (58) output port (11) rotor (70). rotor shaft 
(40). superstructure (24). motor (2S). drive shaft (36) 
and couplmg (38). The dual-flow rotor (70) extends 
oevond me mpu, port (56) to deflea solid particles^d 
direct molten metal both into the chamber and out 
through the discharge. The coupling is flexible and has 
two couplmg members (100. 180) a flexible disc and a 
socket-like connection to the rotor shaft (40) The 
housing (50) includes a discharge (11) leading to an 
output port and a button adaptor extending from the 
discharge to connect metal transfer conduit (300) 
wuhout the use of cement Connection of this conduit 
(300) to the superstructure (24) uses an adaptor (409) to 
avo.d the use of cement. All vertical members such I 
the support posts metal transfer conduit (300) and rotor 
shaft (40) may be sectional. A stationary component of 
the device may retain a thermocouple. 
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1. Claims: 1,10-14 



Rotor design with the inlet part extending beyond the input 



2. Claims: 2,29 



Rotor design with at least one vane having a generally 
vertical position and an angled portion above said vertical 
portion 



3. Claims: 3-9,20 



A metal transfer conduit forming a substantially tight 
connection with the output port without the use of cement or 
other sealant 



4. Claims: 15-19 

Metal transfer conduit, support post and rotor shaft are 
comprised of a plurality of interconnected sections 

5. Claim : 21 

Coupling with seperate flexible disk 

6. Claims: 22.25.30 

socket like coupling to connect the rotor shaft to the 
second coupling member 

7. Claims: 23,24,27.28 

Integrated thermocouple 

8. Claim : 26 

Adaptor for mounting metal transfer conduit on super 
structure 
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